BRUSH SEAL 
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FIELD OF THE INVENTION 

The present invention relates to a brush seal for sealing 
a rotor with respect to a stator. The brush seal includes a 
bristle housing which is held on the stator or rotor, a cover 
plate, a supporting plate, a circumferential surface and two 
side surfaces and in which bristles oriented with their free 
ends to the rotor or stator are fastened. 

BACKGROUND INFORMATION 

In conventional brush seals, the free ends of the 
bristles fastened in a bristle housing having a cover plate 
and a supporting plate extend against a sealing surface of the 
rotor or stator and thus seal off the annular gap between 
rotor and stator. With a good sealing effect and in a 
conventional arrangement, axial construction space can be 
saved with such brush seals compared with seals which can be 
used as an alternative, such as labyrinth seals, for example 
when used in stationary gas turbines or aircraft engines. The 
bristles of the brush seals can be set in the direction of 
rotation of the rotor at an angle of, for example, 40° to 50°, 
in order to permit a smooth, radial deflection of the bristles 
upon contact with the rotor. On account of the set bristles, 
reliable functioning in the event of incorrect installation of 
the brush seal, i.e., the brush seal is inserted in the 
incorrect orientation into its seat on the stator or rotor and 
the bristles are set against the direction of rotation of the 
rotor, is not ensured, since the bristles can partly bend to a 
considerable extent. The brush seal is held in its seat on 
the stator or rotor with a press fit in order to prevent 
rotation during operation. The press fit may prove to be 
critical with regard to the material loads, in particular in 
the case of large external dimensions of the bristle housing. 

It is an object of the present invention to provide a 
brush seal with which correct, ant i -rotation installation is 
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ensured when the brush seal is assembled, for example, in a 
housing. The brush seal thus improved is to be produced, 
where possible, without additional manufacturing steps. 

SUMMARY 

The above and other beneficial objects of the present 
invention are attained by providing a brush seal in which the 
bristle housing includes a first positioning arrangement on at 
least one side surface or the circumferential surface, the 
first positioning arrangement interacting in a positive- 
locking manner with a correspondingly designed second 
positioning arrangement on the stator or rotor or a separate 
fastening element for the definite positioning of the bristle 
housing . 

Due to first and second positioning arrangements, 
interacting in a positive-locking manner, for positioning the 
bristle housing in a seat on the stator, such as, for example, 
a housing, or on the rotor, defined and definite positioning 
of the brush seal must be ensured for the assembly, since 
assembly is not possible with any other, incorrect 
positioning. In addition, the first positioning arrangement 
engaging in a positive- locking manner in the seat of the brush 
seal when the latter is inserted may readily be provided on 
the cover plate or supporting plate during the production of 
the brush seal. The second positioning arrangement 
interacting with the first positioning arrangement may be 
produced in a simple manner when forming the seat for the 
brush seal on the stator or rotor. 

The brush seal is generally arranged, for example, in a 
stationary gas turbine or an aircraft engine, so that its 
bristles extend in a radial plane and the center axis of the 
rotor extends in the axial direction of the gas turbine. 
During operation, the brush seal seals off a differential 
pressure between a space of higher pressure PI and a space of 
lower pressure P2 . The cover plate and supporting plate of 
the bristle housing are generally configured as discs having 
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an internal bore for accommodating the rotor or also the 
stator in other applications. 

The first positioning arrangement may be configured as a 
projection and the second positioning arrangement may be 
configured as a recess, or vice versa, so that defined and 
definite, positive-locking engagement of the two positioning 
arrangements is ensured for the assembly of the brush seal in 
a seat on the stator or rotor. Otherwise, final assembly, 
during which a separate fastening element is inserted into a 
slot on the stator or rotor for restraining the brush seal 
pushed into its seat, is not possible. 

In order to form the first positioning arrangement, the 
cover plate and/or the supporting plate may be produced by 
non-cutting shaping, such as, for example, deep drawing, in 
which the bristle housing may be produced by flanging of the 
cover plate and the supporting plate to form a one-piece 
component . 

The first positioning arrangement may be configured as at 
least one weld spot which projects beyond the circumferential 
surface of the bristle housing and engages in a recess, 
correspondingly designed as second positioning arrangement, on 
the stator or rotor for the defined, ant i -rotation positioning 
of the brush seal. A welding process having low generation of 
heat is used to avoid deformation of the plates. 

Such a projection in the form of a weld spot extends 
circumferentially only over a short section and serves as an 
ant i -rotation locking arrangement for the brush seal in its 
seat on the stator or rotor. Such an anti -rotation locking 
arrangement includes the advantage that the pressure of the 
brush seal in its seat may be selected to be lower, which is 
advantageous with regard to the material load, in particular 
in brush seals having large diameters at the circumferential 
surface of the bristle housing. The weld spot may also be 
configured as at least one weld extending over approximately 
10 mm along the circumference. 

Furthermore, the first positioning arrangement may be 
configured as at least one integral projection which projects 
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beyond the side surface of the bristle housing, does not 
extend around the entire circumference, and engages in a 
recess, correspondingly configured as the second positioning 
arrangement, on the stator or rotor or the separate fastening 
element for the brush seal. The first positioning arrangement 
may alternatively be configured as a recess in the side 
surface and the second positioning arrangement may be 
configured as a projection on the stator or on the rotor or on 
a separate fastening element . 

During the manufacture of the cover plate or supporting 
plate by non-cutting shaping or deep drawing, the projection 
may be formed as at least one lenticular or conical prominence 
during the deep drawing of the cover plate or supporting 
plate, i.e., without a further working step. Due to the 
prominence, the axial length of the bristle housing is 
increased and, in the event of incorrect installation, during 
which the bristles would be oriented against the direction of 
rotation of the rotor, assembly of the brush seal is 
prevented, since the fastening element to be finally used 
cannot be fitted. The prominence extends circumf erentially 
only in sections and constitutes an anti-rotation locking 
arrangement for the brush seal in its seat on the stator or 
rotor . 

Furthermore, with regard to the removal of the brush 
seal, which is necessary for maintenance, for example, a 
simplification of the assembly is provided in that the cover 
plate or the supporting plate includes a flanged section, the 
respectively other plate, at its end close to the 
circumferential surface of the bristle housing, includes an 
axial section projecting beyond the side surface or extending 
away from the bristles, and the flanged section encloses the 
free end of the axial section and projects radially beyond it 
with its free end while forming an undercut. If the bristle 
housing is held, for example, at its outer circumferential 
surface on a stator, the undercut is substantially open 
radially inwardly. 
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From the production point of view, such a measure may be 
realized in a simple manner without an additional working step 
in particular when the cover plate or supporting plate is 
produced by deep drawing and makes it possible for the brush 
seal, when using a correspondingly designed tool which engages 
behind the undercut, to be removed quickly from its seat in 
the stator or rotor without the bristle housing or the 
bristles being damaged. 

To prevent the incorrect installation of the brush seal 
in its seat on the stator, such as a housing, or rotor, in the 
case of which incorrect installation the bristles would be set 
at an angle against the direction of rotation of the rotor, 
the first and the second positioning arrangements may be 
configured as at least one pair of holes which are in 
alignment in the stator or rotor and the axial and flanged 
sections for the definite positioning of the bristle housing 
by bolts, rivets, screws, etc. If brush seals are inserted 
incorrectly into their seat in the stator or rotor, the at 
least one hole in the housing, for example, is not arranged in 
the region of the axial and flanged sections of the brush seal 
so that fastening or insertion of the rivets, the bolts, etc. 
is not possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a cutaway portion of a brush 
seal, the cutaway portion being restricted essentially to the 
bristles set in the direction of rotation of the rotor. 

Fig. 2 is a cross-sectional view of an example embodiment 
of the brush seal according to the present invention. 

Fig. 3 is a cross-sectional view of a further example 
embodiment of the brush seal according to the present 
invention. 

Fig. 4 is a cross-sectional view of another example 
embodiment of the brush seal according to the present 
invention with an undercut. 
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Fig. 5 is a cross-sectional view of yet another example 
embodiment of the brush seal according to the present 
invention which includes an undercut. 

5 DETAILED DESCRIPTION 

Fig. 1 is a plan view of a cutaway portion of a brush 
seal 1, this cutaway portion • being restricted to the essential 
parts for illustrating the bristles 8 set in the direction of 
rotation of the rotor. Fig. 1 illustrates a section of a 
10 supporting plate 4 which forms a bristle housing 2 together 
with a cover plate 3. With their free ends, the bristles 8 
touch a circumferential surface U of a rotor 10 and, starting 
!i from their clamping point, are set relative to the radial at 
lin an angle of between 40° and 50° in the direction of rotation 

of the rotor, which is identified by an arrow. In Fig. 1, the 
chain-dotted parting line extends in the radial direction. 
Due to the setting of the bristles 8, a smooth, radial 
deflection of the bristle stack upon contact with the rotor 10 
is ensured. This arrangement results in low wear of the 
bristles 8 and also to a good sealing effect of the brush seal 
1 . 

Due to the setting of the bristles 8, the brush seal 1 
must not be fitted in any orientation .in its seat on the 
stator, such as a housing, for example, or alternatively on 
the rotor. In the event of an incorrect installation of the 
brush seal 1, the bristles 8 are set at an angle against the 
direction of rotation of the rotor, which may result in 
bending of the bristles 8 and thus to failure of the sealing 
effect . 

Fig. 2 is a cross-sectional view of an example embodiment 
of the brush seal 1, which is inserted into a seat in a 
housing 9 and seals off the annular gap relative to a rotor 10 
having a circumferential surface U between a space of higher 
pressure PI and a space of lower pressure P2 . The brush seal 
35 1 includes a bristle housing 2, which is produced, for 

example, by flanging of a cover plate 3 and a supporting plate 
4, between which bristles 8 are held. During assembly, the 
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brush seal 1 is pushed into the seat until it abuts with a 
side surface 7 of its supporting plate 4 against a housing 
shoulder 25. The axial length of the seat for the brush seal 
1 is established by the distance between the housing shoulder 
25 and the fastening element 24. 

To prevent incorrect installation, the bristle housing 2 
includes a projection which projects beyond its 

circumferential surface 5, is designed as a weld spot 13 or as 
a weld (or a plurality of welds) extending approximately 10 mm 
along the circumference, and engages in a correspondingly 
designed recess 14 in the housing 9 for the definite 
positioning of the bristle housing 2. The weld spot 13 
extends merely in sections in the circumferential direction 
and thus also serves as an arrangement configured to prevent 
the brush seal 1 from rotating in its seat. As a result, a 
lighter-duty press fit at the circumferential surface 5 of the 
bristle housing 2 with load relief of the components may be 
used . 

Insertion of the brush seal 1 in the incorrect 
orientation into the seat in the housing 9 is not possible, 
since, on account of the weld spot 13 projecting beyond the 
circumferential surface 5, the bristle housing 2 abuts against 
the housing 9 and cannot be pushed into the seat provided. 
The recess 14 does not extend in a ring shape around the 
entire circumference of the seat for the brush seal 1 in the 
housing 9 but is merely a cutout in the housing 9, this cutout 
being adapted to the shape of the weld spot 13, which may be, 
for example, a tapering peg. 

Fig. 3 is a cross-sectional view of a further example 
embodiment of the brush seal 1, which includes bristles 8 held 
. in a bristle housing 2. The bristle housing 2 includes a 
cover plate 3 and a supporting plate 4, against which the 
bristles 8 are supported when a pressure difference is applied 
between a space of higher pressure PI and a space of lower 
pressure P2 . The brush seal 1 is held on the stator 9 between 
a fastening element 24 and a housing shoulder 25 and seals off 
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the annular gap relative to a rotor 10 having a 
circumferential surface U. 

To prevent the incorrect installation, in which the 
bristles 8 would be oriented at an angle against the direction 
of rotation of the rotor, the bristle housing 2 includes a 
first arrangement on its supporting plate 4, this first 
arrangement being configured as a lenticular prominence 15 and 
interacting with a second arrangement via a positive-locking 
connection, this second arrangement being configured as a 
recess is i n the stator 9. The prominence 15 projects beyond 
a side surface 7 of the bristle housing 2 and extends 
substantially in the axial direction. The prominence 15 
extends only over a short section in the circumferential 
direction and defines an ant i -rotation locking arrangement for 
the brush seal 1 in its seat in the housing 9, since the 
recess 16 is substantially adapted to the shape of the 
prominence 15. 

Since the axial length of the construction space for the 
brush seal 1 is predetermined by the distance between the 
fastening element 24 and the housing shoulder 25, assembly of 
the brush seal 1, which involves the final insertion of the 
annular fastening element 24 into a housing recess, is not 
possible if the prominence 15 does not engage in the recess 
16. The prominence 15 may be formed during the deep drawing 
of the cover and supporting plates 3 and 4, respectively, by 
an appropriate configuration of the deep-drawing tool without 
an additional manufacturing step. A plurality of prominences 
15 which may have different shapes may be provided in the 
radial extent and circumferential extent of the cover and 
supporting plates 3 and 4, respectively. 

In a schematic cross-sectional view, Fig. 4 illustrates a 
further example embodiment of the brush seal 1, which seals 
off an annular gap between a stator (not shown) and a rotor 10 
having a circumferential surface U. The brush seal 1 includes 
a bristle housing 2 which includes a cover plate 3 and a 
supporting plate 4 and in which a stack or bundle of bristles 
8 is held. When a pressure difference is applied between a 
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space of higher pressure PI and a space of lower pressure P2 , 

the bristles are supported on the supporting plate 4. The 

bristle housing 2 includes a circumferential surface 5 . and a 

side surface 6 facing toward the space of higher pressure PI, 

and a side surface 7 facing toward the space of low pressure 

P2 . With their free ends, the bristles 8 touch the 

circumferential surface U of the rotor 10. 

For the assembly, the brush seal 1, as described above, 

is pushed into a seat on a stator 9, such as a housing, until 

the side surface 7 of the supporting plate 4 or of the bristle 

housing 2 abuts against a housing shoulder 25 (not shown in 

Fig. 4) . At its end section close to the circumferential 

surface 5 of the bristle housing 2, the cover plate 6 includes 

an axial section 17 having a free end 18 which projects beyond 

the side surface 6 of the cover plate 3. The supporting plate 

* 

4, which in this example embodiment forms the circumferential 
surface 5 of the bristle housing 2, includes a flanged lip 19 
at an end section which is not the inner end section facing 
the rotor 10, this flanged lip 19 enclosing the free end 18 of 
the axial section 17 of the cover plate 3 for forming the 
bristle housing 2. With its free end 20, the flanged section 
19. projects radially beyond the axial section 17 of the cover 
plate 3 and includes an inner side surface 21 which faces 
toward the side surface 6 of the cover plate 3 and forms an 
undercut. An appropriately designed tool may engage in this 
undercut, this tool being placed against the inner side 
surface 21 of the flanged lip 19 when the brush seal 1 is 
being removed from its seat in a stator 9 (not shown) . The 
brush seal 1 may thus be dismantled for maintenance or repair 
without any damage. 

At its side surface 7, the supporting plate 4 includes a 
prominence 15, which is arranged behind the plane of the 
figure in the illustration according to Fig. 4 and by which 
the axial length of the bristle housing 2 is increased. If 
the brush seal 1 is inserted into the housing seat in the 
incorrect orientation, the prominence 15 cannot engage in a 
correspondingly configured recess (not shown in Fig. 4) in the 
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housing. Consequently, the fastening elements 24 illustrated 
in Figs. 2 and 3 cannot be inserted into the slot provided in 
the housing for fastening the brush seal 1 in its seat. The 
assembly cannot therefore be completed in the event of 
5 incorrect installation. 

Fig. 5 is a cross-sectional view of a brush seal 1 which 
is similar to the brush seal 1 illustrated in Fig. 4, is held 
in a seat in a stator configured as a housing 9 and seals off 
an annular gap relative to a rotor 10 having a circumferential 
10 surface U between a space of higher pressure PI and a space of 
low pressure P2 . The brush seal 1 includes bristles 8 held in 
a bristle housing 2. The bristle housing 2 includes a cover 
plate 3 and a supporting plate 4, on which the bristles 8 are 
IB supported when a pressure difference is applied. The bristle 

1#J housing 2 includes a side surface 6 facing toward the space of 

; y 

'!P higher pressure PI, a side surface 7 facing toward the space 
<r1 of low pressure P2 , and a circumferential surface 5. 

In order to facilitate the removal of the brush seal 1 
\z from its seat on the stator 9, the cover plate 3 includes an 
2cj" axial section 17 with a free end 18. The supporting plate 4 
O forming the circumferential surface 5 of the bristle housing 2 
includes a flanged section 19 which encloses the free end 18 
of the axial section 17 of the cover plate 3 while forming the 
bristle housing 2. With its free end 20, the flanged section 
25 19, while forming an undercut 21, projects radially beyond the 
free end 18 of the axial section 17 of the cover plate 3, so 
that the brush seal 1 may be removed from its seat on the 
stator 9 in a simple manner without damage when using an 
appropriate tool . 
3 0 To further improve the assembly, the housing 9 and the 

axial section 17 of the cover plate 3 and the flanged section 
19 of the supporting plate 4 include a hole 22 and 23, 
respectively, these holes being in alignment when the brush 
seal 1 is correctly positioned in the seat on the housing 9. 
35 In order to ensure definite positioning of the brush seal 1 in 
the seat on the housing 9 and also an ant i -rotation locking 
arrangement for the brush seal 1, a rivet 26, for example, is 
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inserted into the holes 22, 23. If the brush seal 1 is 
inserted into the seat on the housing 9 in the incorrect 
orientation, the holes 22 and 23 in the housing 9 and 
respectively the axial section 17 of the cover plate 3 and the 
flanged section 19 of the supporting plate 4 are not in 
alignment, so that riveting is not possible and incorrect 
installation is noticed. 

In the example embodiments of the brush seal 1 according 
to the present invention illustrated in Figs. 2 to 5, the 
bristles 8 are set at an angle to the radial of approximately 
40° to 50° in the direction of rotation of the rotor. 
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